Electronic structure enhancement factors of simultaneous parity and time-reversal violation (P, Tviolation) caused by an electric dipole moment of the electron (eEDM) and scalar-pseudoscalar nucleon-electron current (SPNEC) interactions are reported for various metal mono-hydroxides, several of which are considered laser-coolable and promising candidates for an eEDM measurement. Electronic structure enhancements are calculated ab initio within zeroth order regular approximation (ZORA) for CaOH, SrOH, BaOH, RaOH and YbOH. Scaling behavior with respect to nuclear charge numbers and the ratio of enhancement factors for both discussed sources of P, T -violation are analyzed, which are crucial to obtain stringent bounds on parameters for new physics from experiments.
High precision spectroscopy of diatomic molecules serves as powerful tool to probe high-energy scales of new physics beyond the standard model of particle physics. [1] Signatures of new physics are expected for instance from simultaneous parity P and time-reversal T violation. [2] Such a violation of fundamental symmetries can in principle result in a permanent electric dipole moment of a molecule in a vanishing electric field. With cold polar heavy molecules such as ThO currently the strictest limits on P, T -violating effects are set. [3, 4] This is due to electronic structure effects in polar heavy diatomic molecules, which strongly enhance P, T -odd effects such as an electric dipole moment of an electron (eEDM) d e or scalar-pseudoscalar nucleon-electron current (SPNEC) interactions. [5] Refs. [6] [7] [8] highlighted the particular situation of P, T -odd effects in the diatomic system RaF, which was earlier identified to have the advantage of being also a molecular candidate for laser-cooling. [9] Based on simple theoretical concepts [10] it was subsequently concluded that not only diatomic, but also polyatomic molecules can be cooled with lasers. This renders such molecules promising laboratories for the study of fundamental symmetry violations. A number of molecular candidates was proposed [10] which included the particular example of CaOH. The first successful experiment of laser-cooling of a polyatomic molecule was subsequently realised with SrOH [11] . Isaev et al. [12] suggested lasercooling of RaOH and its use to search for new physics. They presented also the first calculation of SPNEC interactions enhancement in a polyatomic molecule, but as of yet, no predictions on eEDM enhancement in the mentioned polyatomic candidates for a search of new physics exist.
Kozyryev et al. elucidated that laser-coolable polyatomic molecules, and in particular YbOH, can have advantages over diatomic molecules in experimental setups and may improve sensitivity of eEDM experiments. [13] And it was pointed out in Ref. [14] that diatomic molecules are limited in the sensitivity of a simultaneous determination of d e as well as the coupling constant of SPNEC interactions k s when one analyses the scaling behaviour of the enhancement factors with respect to the charge of the heavy nucleus.
To provide these enhancement factors for upcoming experiments on triatomic molecules, we present in this letter predictions of W d and W s , the electronic structure enhancement factors of an eEDM and SPNEC interactions, respectively, in the laser-coolable polyatomic molecules CaOH, SrOH, RaOH and YbOH, as well as for BaOH, which is isoelectronic to BaF, a promising candidate for the first detection of molecular parity-violation. [15] We compare herein also the ratio W d /W s to those obtained for diatomic molecules in order to gauge the advantage of polyatomic over diatomic molecules with respect to electronic structure enhancement effects.
The metal hydroxides (MOH) studied herein are linear molecules and expected to have a 2 Σ 1/2 -ground state. Thus the effective P, T -odd spin-rotational Hamiltonian is the same as for diatomic molecules studied in Ref. [14] , if one neglects contributions of the light nuclei, namely:
where Ω = J e · λ is the projection of the reduced total electronic angular momentum J e on the molecular axis, defined by the unit vector λ pointing from the heavy nucleus to the OH-group. k s is the P, T -odd scalar-pseudoscalar nucleon-electron current interaction constant and d e is the eEDM. The P, T -odd electronic structure parameters are defined by
where Ψ is the electronic wave function. The molecular P, T -odd Hamiltonians [2, 16, 17 ]
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were implemented and evaluated in a quasi-relativistic framework within zeroth order regular approximation (ZORA): [14, 18] 
Here ρ A is the normalized nuclear charge density distribution of nucleus A with charge number Z A , r i is the position vector of electron i, G F = 2.22249 × 10
is Fermi's weak coupling constant, ı = √ −1 is the imaginary unit,ˆ p is the linear momentum operator, σ is the vector of the Pauli spin matrices, [A, B] − = AB − BA is the commutator and the modified ZORA factors are defined asω
with the model potentialṼ introduced by van Wüllen [19] , which is used to alleviate the gauge dependence of ZORA. Here c is the speed of light in vacuum, = h 2π is the reduced Planck constant and m e is the mass of the electron.
On the technical side, the quasi-relativistic twocomponent calculations reported herein are performed within ZORA at the level of complex generalized Hartree-Fock (cGHF) or Kohn-Sham (cGKS) with a modified version [20] [21] [22] [23] of the quantum chemistry program package Turbomole [24] . For details on our implementation of P, T -odd properties within this ZORA framework see Refs. [14, 18, 25] . 1/25 × 10 2/5 ≈ 2.6 for d-and f-functions was used for the electro-positive atom (for details see Supplementary Material). The N, F and O atoms were represented with a decontracted atomic natural orbital (ANO) basis set of triple-ζ quality [30] and for H the s,p-subset of a decontracted correlation-consistent basis of quadruple-ζ quality [31] was used. The ZORA-model potentialṼ ( r) was employed with additional damping [32] as proposed by van Wüllen [19] . For two-component wave functions and properties a finite nucleus was used, described by a normalized spherical Gaussian nuclear density distri-
The root mean square radius ζ A of nucleus A was used as suggested by Visscher and Dyall, [33] where the mass numbers A are 40 Ca, 137 Ba, 173 Yb, 226 Ra. The nuclear equilibrium distances were obtained at the levels of GHF-ZORA and GKS-ZORA/B3LYP, respectively. For calculations of energy gradients at the DFT level the nucleus was approximated as a point charge. The molecular structure parameters obtained are summarized in Table I 1 / 2 are due to slight numeric deviations of the computed equilibrium structure from linearity and, caused by this, an imperfect alignment on the z-axis.
Values calculated for W d and W s on the DFT level for group 2 hydroxides differ only slightly from those obtained with GHF, which is in agreement with previous studies of P, T -violation in group 2 compounds. [14] The larger deviation for YbOH shows that electron correlation effects may be more important for this f-block compound. However, previous comparisons of our method with coupled-cluster four-component calculations shows that the accuracy of the present approach can be estimated to be on the order of 20 %, which is fully sufficient for the present purpose.
We find that compared to P, T -odd enhancement in metal fluorides, calculated in Ref. [14] , the values for the corresponding hydroxides are slightly larger in magnitude, but all in all differences are very small, below 5%. Considering possible improvements of the experimental setup with polyatomic molecules as described in Ref. [13] , experiments with laser-coolable RaOH or YbOH as promising candidates for an improvement of current limits on the eEDM consequently would benefit mainly from full polarisation of the molecule and the existence of internal co-magnetometer states, but not from improved electronic enhancement factors. The potential of the latter in polyatomic molecules is thus yet to be explored.
For further insight the scaling with nuclear charge Z is studied. For this purpose non-linear relativistic enhancement is separated as described in Ref. [14] using relativistic enhancement factors known from atomic considerations [34] [35] [36] 
Here α is the fine structure constant, a 0 is Bohr's radius and r nuc ≈ 1.2 fm · A 1/3 . A double logarithmic plot for cGHF and cGKS results together with a linear fit is presented in Figure 1 on Table III on page 5 the ratios W d /W s are compared to those of corresponding fluorides determined in Ref. [14] .
The values show that the metal hydroxides fit perfectly in the model developed in Ref. [14] . Hence there is in this sense no immediate advantage of using a metal hydroxide instead of a fluoride. With respect to the coverage region in the parameter space of k s and d e , however, an experiment with MOH would be able to reduce the size of the coverage region due to the expected smaller experimental uncertainties. Experiments with the corresponding MF compounds would become redundant as essentially the same information is measured.
In this letter we reported the calculation of enhancements of an electric dipole moment of the electron in simple polyatomic molecules. Our calculations show that there is no considerable difference for enhancement factors between fluorides and hydroxides. This is also true for the ratio W d /W s . Thus there is no advantage in using MOH alongside MF in experiment as both experiments yield the same information on the parameter space of d e and k s . In order to see distinct differences to diatomic molecules it may be necessary to study more complex and non-linear polyatomic molecules. However, together with the experimental benefits of polyatomic molecules described in Ref. [13] the herein studied molecules are promising candidates for an improvement of current limits on P, T -violating effects. 
